Introduction
Organic light-emitting diodes (OLEDs) have great potential for the new-generation flat-panel displays and solid-state lighting, since they possess many advantages such as high efficiency, broad viewing angle, saving energy, thin thickness as well as flexibility [1] [2] [3] [4] [5] . In 1987, the first OLED was invented by Tang et al. in Eastman Kodak Company [6] . For that device, an external quantum efficiency (EQE) of 1%, power efficiency (PE) of 1.5 lm W −1 and luminance of >1000 cd m −2 @ <10 V green fluorescence originating from singlet excitons could be obtained, which demonstrated that organic materials were indeed viable alternatives for optoelectronic applications. Then, Ma and coworkers fabricated the first phosphorescent OLEDs by using osmium(II) complexes in 1998, however, only poor efficiency was obtained [7] . Later, Forrest et al. established highly efficient phosphorescent OLEDs with the Pt-complexes [8] . In their device, phosphors can realize a theoretical unity internal quantum efficiency (IQE), since phosphors can harvest both singlets and triplets due to the heavy-atom effect [9] [10] [11] [12] [13] [14] . In 2012, thermally activated delayed fluorescence (TADF) materials have been reported by Adachi and coworkers, where the energy gap (∆ EST ) for triplet excited state (T 1 ) and singlet excited state (S 1 ) should be small enough [15] . To date, TADF materials have been considered to be the third-generation emitters of OLEDs, owing to the noble-metal-free characteristic and 100% exciton harvesting efficiency [16] [17] [18] [19] [20] .
With the development of emitters, the performance of OLEDs has been step-by-step enhanced and nowadays can satisfy the demand of real commercialization for handphones, lamps and televisions. The diagram of formation exciplex or electroplex at the bilayer interface of p-type donor material and n-type acceptor material (a), p-type donor material and bipolar acceptor material (b), bipolar donor material and n-type acceptor material (c), co-doping donor and acceptor materials (d). E represents exciplex or electroplex, the black arrow and red arrow are electron and hole transporting, respectively.
The Recognition of Exciplex
Before 2012, the efficiency of exciplex-based OLEDs is usually poor and the generation of exciplexes is considered as a negative factor to the performance. For exciplexes used in WOLEDs, the broad emission band of exciplexes are generally exploited to achieve high CRIs [122] [123] [124] . After the work demonstrated by Adachi et al. in 2012 [111] , the performance of exciplex-based OLEDs has been accelerated, since it is recognized that exciplexes intrinsically possess small singlet-triplet energy gap (∆ EST ≈ 0-0.1 eV) and also allow high reverse intersystem crossing (RISC) efficiency [125] [126] [127] .
In OLEDs, when holes meet electrons, singlets and triplets will be formed with a ratio of 1: 3 due to the effect of spin statistics [128] [129] [130] . In the case of fluorescent emitters, singlets decay rapidly with the prompt nanoseconds fluorescence, whereas the radiative decay of triplets is spin forbidden [131] [132] [133] . In contrast, TADF emitters can also harvest triplets, because triplet excitons will be harnessed to produce the delayed fluorescence via an effective T 1 →S 1 RISC process [134] [135] [136] . In general, the ∆ EST < 0.2 eV is required for TADF molecular design, which can prohibit the nonradiative decay channels and improve the up-conversion [137] . Therefore, same as phosphors, the theoretical unity IQE could be achieved [138] [139] [140] . Aside from pure TADF materials, exciplexes allow TADF emission via RISC due to the intrinsically small ∆ EST , resulting in 100% IQE in exciplex-based OLEDs.
To attain efficient exciplexes, there are some predictions or guidelines have been reported: (i) the exciplex system and its resulting photon energy are predictable by using the solution redox potentials of the constituting molecules; (ii) a fundamental issue for high-efficiency exciplex-based OLEDs is achieving the high RISC efficiency; (iii) donor as well as acceptor molecules should possess high T 1 , which can not only be preferable for getting exciplex emitters with high fluorescence quantum yields, but also prohibit triplets quenching by confining the triplets of exciplexes from back energy transfer to donors and acceptors; (iv) high HOMO of donors and low LUMO of acceptors are significant; (v) an n-type material consisting of strong electron-withdrawing units and with low-lying LUMO energy is important; (vi) the balanced holes and electrons in the donor/acceptor heterojunction is desirable; (vii) the enhancement of the intermolecular contact can improve the light-emitting efficiency; and (viii) a broad exciton recombination zone can enhance the exciton utilization efficiency [111, [125] [126] [127] [141] [142] [143] [144] [145] .
Approaches for Exciplex-Based WOLEDs

Basic Aspects of Exciplex-Based WOLEDs
According to the above concepts, two strategies have been proposed to apply exciplexes in WOLEDs, i.e., exciplexes are functioned as (i) fluorescent or TADF emitters; (ii) the hosts of fluorescent, phosphorescent and TADF dopants. Apart from the general issues to guarantee high-performance WOLEDs (e.g., the manipulation of charge injection, transport and balance, the management of exciton generation, harvesting, recombination, diffusion and quenching, the regulation of host (guest)-to-guest mutual energy transfer, and the enhancement of light outcoupling efficiency.) [146] [147] [148] [149] [150] [151] [152] [153] [154] [155] [156] , some additional attentions are needed to be paid on the exciplex-based WOLEDs. On one hand, when using as the emitter, exciplexes give a new broad emission peak that appears at a long wavelength compared to the intrinsic donor and acceptor, which is beneficial to develop high-quality WOLEDs. For example, by using two exciplex emitters (merely complementary colors), Zhao et al. achieved a WOLED with a high CRI of 83 [157] . Besides, by utilizing the TADF mechanism and/or effective device engineering, all singlets/triplets generated in exciplex emitters could be harnessed, leading to highly efficient WOLEDs.
On the other hand, when using exciplex as the hosts, the voltage could be lower than that of conventional hosts since the injection/transport of electrons and holes are via the LUMO of acceptors and the HOMO of donors, respectively. Additionally, the approximately equal S 1 and T 1 of exciplexes makes it easy to adjust the energy level of exciplexes to that of emitter dopants by selecting appropriate donors and acceptors, which renders the energy transfer from both S 1 and T 1 of exciplex to that of the guests more easily. Hence, by designing efficient exciplexes and enhancing device engineering, exciplex-based WOLEDs are very promising for the lighting and displays. In the following sections, the design strategy, device architecture, emission mechanism as well as EL procedure for exciplex-based WOLEDs have been highlighted, including WOLEDs based on exciplex emitters or hosts.
WOLEDs Based on Exciplex Emitters
WOLEDs Utilizing All Exciplex Emitters
For WOLEDs utilizing all exciplex emitters, the combination of blue exciplex emission with complementary exciplex emission or green/red exciplex emissions is the most directed approach [158] . In such approach, blue, green, yellow, orange as well as red emitter is formed by exciplexes. Additionally, to enhance efficiency, it is more desirable to use TADF mechanism, since TADF exciplexes can harvest the triplet excitons. Otherwise, the triplets of exciplexes would be decayed nonradiatively, resulting in low performance.
In 2009, Zhu and coworkers adopted this way to develop WOLED via four exciplex emission bands, achieving very broad white-emission spectrum [159] . As shown in Figure 2 3 and x denotes its layer thickness. To regulate the spectra, R was changed from 1:1 to 1:2 to 1:3, while x was changed among 2, 3, 4, and 5 nm. In this device, white light is emitted by inserting two blend layers of m-MTDATA: Al(DBM) 3 and TPD: Bphen between the m-MTDATA HTL and Bphen ETL. The white light spectrum consists of four broad bands that arise from blue-emitting TPD/Bphen (463 nm), green-emitting m-MTDATA/Bphen (528 nm), orange-emitting TPD/Al(DBM) 3 (572 nm), and red-emitting m-MTDATA/Al(DBM) 3 exciplexes (650 nm), respectively. These exciplex emissions are different from the PL spectra of m-MTDATA, TPD, Bphen, and Al(DBM) 3 neat films, which give a monomer (i.e., bulk exciton) emission with peaks at about 375, 401, 413, and 425 nm, respectively, as shown in Figure 2c . More specifically, the exciplex of m-MTDATA/Al(DBM) 3 is formed at the interface between m-MTDATA HTL and m-MTDATA: Al(DBM) 3 layers, exciplexes of TPD/Al(DBM) 3 and m-MTDATA/Bphen are at the interface between m-MTDATA: Al(DBM) 3 and TPD: Bphen layers, and the exciplex of TPD/Bphen is at the interface between TPD: Bphen and Bphen electron-transporting layers. The intralayer exciplexes of m-MTDATA/Al(DBM) 3 and TPD/Bphen are formed in m-MTDATA: Al(DBM) 3 and TPD: Bphen layers, respectively. As a result, an ultrahigh CRI of 94.1 can be achieved. Although the current efficiency (CE) is low (~0.1 cd A −1 ), such findings demonstrated a concept that high-quality white emissions can be generated without molecular emitters. following sections, the design strategy, device architecture, emission mechanism as well as EL procedure for exciplex-based WOLEDs have been highlighted, including WOLEDs based on exciplex emitters or hosts.
WOLEDs Based on Exciplex Emitters
WOLEDs Utilizing All Exciplex Emitters
In 2009, Zhu and coworkers adopted this way to develop WOLED via four exciplex emission bands, achieving very broad white-emission spectrum [159] . As shown in Figure 2 Currently, the utilization of tandem OLEDs, which refer to devices using charge generation layers (CGLs) or transparent conductive layers (e.g., ITO) to interconnect multiple EL units, has been considered to be an effective way to boost the performance [160] [161] [162] [163] . Compared with single-unit OLEDs, the CE, EQE and lifetime of tandem OLEDs can be N-fold (N, the number of EL units) enhanced, since N-fold luminance can be achieved with the current density similar to that of single-unit OLEDs. Therefore, tandem OLEDs have aroused both academic and industry interest. In terms of WOLEDs with all exciplex emitters, the introduction of exciplexes in each unit can be an effective scheme. Therefore, the molecular emitter is also unnecessary. For such approach, how to maximize the efficiency of the exciplex in each unit is crucial, apart from the design of efficient CGLs. Particularly, since it is relatively difficult to attain blue exciplexes, the development high-efficiency blue exciplexes is essential to the high performance [164] .
In 2014, Hung et al reported the first tandem, all-exciplex-based WOLED, where blue and yellow exciplexes have been generated at each unit [165] . , where the CGL is DTAF/MoO3/Al/Liq (holes and electrons are generated from the DTAF/MoO3 interface), the blue and yellow exciplexes are formed from the blend of mCP: PO-T2T and DTAF: PO-T2T, respectively. The white light has been realized via the two parallel mixed layers, simultaneously producing yellow as well as blue exciplex light and hence a WOLED with a high EQE of 11.6%. One of the reasons for the high performance is the development of a very efficient blue exciplex. To realize such high-energy blue exciplexes, (i) the acceptor has low HOMO (LUMO) for effective hole-blocking (electron injection) and high T1 for confining excitons of exciplexes; (ii) the acceptor exhibits the electron mobility which can be as high as the hole mobility for common HTLs. Hence, Hung et al. designed an acceptor PO-T2T with a T1 of 2.99 eV and electron mobility of 1.7 × 3·10 −3 to 4.4 × 10 −3 cm 2 V −1 s −1 , meeting the above requirements [165] . As a result, the blue exciplex emission featured a low turn-on voltage of 2 V, a maximum brightness of 24,600 cd m −2 and an EQE of 8.0%, which is the best blue exciplex OLED at that time. By combining this efficient blue exciplex and yellow exciplex, the tandem WOLED has been demonstrated. Remarkably, the WOLED can exhibit a good color-stability, which is attributed to the avoidance of the movement of the charge recombination zone and elimination of the energy transfer between blue and yellow EMLs. Currently, the utilization of tandem OLEDs, which refer to devices using charge generation layers (CGLs) or transparent conductive layers (e.g., ITO) to interconnect multiple EL units, has been considered to be an effective way to boost the performance [160] [161] [162] [163] . Compared with single-unit OLEDs, the CE, EQE and lifetime of tandem OLEDs can be N-fold (N, the number of EL units) enhanced, since N-fold luminance can be achieved with the current density similar to that of single-unit OLEDs. Therefore, tandem OLEDs have aroused both academic and industry interest. In terms of WOLEDs with all exciplex emitters, the introduction of exciplexes in each unit can be an effective scheme. Therefore, the molecular emitter is also unnecessary. For such approach, how to maximize the efficiency of the exciplex in each unit is crucial, apart from the design of efficient CGLs. Particularly, since it is relatively difficult to attain blue exciplexes, the development high-efficiency blue exciplexes is essential to the high performance [164] .
In 2014, Hung et al reported the first tandem, all-exciplex-based WOLED, where blue and yellow exciplexes have been generated at each unit [165] . (100 nm), where the CGL is DTAF/MoO 3 /Al/Liq (holes and electrons are generated from the DTAF/MoO 3 interface), the blue and yellow exciplexes are formed from the blend of mCP: PO-T2T and DTAF: PO-T2T, respectively. The white light has been realized via the two parallel mixed layers, simultaneously producing yellow as well as blue exciplex light and hence a WOLED with a high EQE of 11.6%. One of the reasons for the high performance is the development of a very efficient blue exciplex. To realize such high-energy blue exciplexes, (i) the acceptor has low HOMO (LUMO) for effective hole-blocking (electron injection) and high T1 for confining excitons of exciplexes; (ii) the acceptor exhibits the electron mobility which can be as high as the hole mobility for common HTLs. Hence, Hung et al. designed an acceptor PO-T2T with a T1 of 2.99 eV and electron mobility of 1.7 × 3·10 −3 to 4.4 × 10 −3 cm 2 V −1 s −1 , meeting the above requirements [165] . As a result, the blue exciplex emission featured a low turn-on voltage of 2 V, a maximum brightness of 24,600 cd m −2 and an EQE of 8.0%, which is the best blue exciplex OLED at that time. By combining this efficient blue exciplex and yellow exciplex, the tandem WOLED has been demonstrated. Remarkably, the WOLED can exhibit a good color-stability, which is attributed to the avoidance of the movement of the charge recombination zone and elimination of the energy transfer between blue and yellow EMLs. 
WOLEDs Combining Exciplex and Phosphorescent Emitters
For WOLEDs combining exciplex and phosphorescent emitters, blue exciplex emitters are generally used to combine with phosphors, while other-color exciplexes are negligibly adopted. One of the reasons for this phenomenon may be attributed to the fact that it is not easy to synthesize efficient and stable blue molecular emitters, particularly for deep-blue ones. In contrast, by selecting appropriate donor and acceptor materials, high-performance blue exciplexes are promising to be the elegant emitters to organize WOLEDs. As a result, by incorporating blue exciplex with complementary or green/red phosphorescent emitters, high-performance WOLEDs can be established. For such WOLEDs, since blue light is originated from the blue fluorescence or TADF, they are also called hybrid WOLEDs [166] . Simply, this kind of hybrid WOLEDs can be classified into two types according to the use of blue exciplexes: hybrid WOLEDs with blue TADF exciplexes and hybrid WOLEDs with blue fluorescent exciplexes. In general, it is easy to understand that hybrid WOLEDs with blue TADF exciplexes can obtain high efficiencies, since the blue TADF exciplexes can harvest the triplets. However, by employing effective device engineering, hybrid WOLEDs with blue fluorescent exciplexes can also exhibit high performance, since the triplets of blue exciplexes which cannot be harnessed by the exciplexes can be harvested by the adjacent phosphorescent emitters (e.g., from the energy transfer and triplets diffusion mechanism) [167] [168] [169] . To fulfill these two types of hybrid WOLEDs, blue exciplexes are required to possess higher T1 compared with phosphorescent emitters, otherwise the triplets of phosphors would be quenched by the exciplex, leading to the poor performance. Particularly, it is deserved to note that the blue exciplexes are simultaneously functioned as the hosts in single-EML hybrid WOLEDs. In this case, the concentration of phosphorescent guest emitters is usually very low, which ensure the incomplete energy transfer from the blue exciplex host to the phosphorescent guests, otherwise only the guest emission can be produced.
In 2015, Zhang et al. explored a series of efficient WOLEDs, in which blue exciplexes have been combined with orange phosphorescent emitters, orange/red fluorescent emitters or orange TADF emitters [170] . By virtue of the blue TADF exciplex mCBP (donor): PO-T2T (acceptor), the energies have been transferred from the exciplex to orange fluorophor and phosphor dopants. For the double-EML hybrid WOLEDs combining blue exciplex and phosphorescent emitters, Figure 4 depicts the device structure: ITO/MoO3 (3 nm)/9,9′-biphenyl-3,3′-diylbis-9H-carbazole (mCBP, 20 nm)/mCBP: PO-T2T (20 nm)/mCBP: PO-T2T: 4.0 wt.% bis(2-phenyl-1,3-benzothiozolato-N,C2′) iridium (acetylacetonate) Ir(bt)2(acac) (2 nm)/PO-T2T (40 nm)/LiF/Al. Since triplets of the exciplex were upconverted to S1 in a relatively long time, only part of triplets was converted as delayed fluorescence. Thus, the RISC efficiency has been less than unity. For extra triplets of the exciplex, they have been converted to heat and would harm the device via non-radiative decay. When a small concentration of orange phosphor has been doped or an adjacent orange phosphor doped layer has been presented, 
For WOLEDs combining exciplex and phosphorescent emitters, blue exciplex emitters are generally used to combine with phosphors, while other-color exciplexes are negligibly adopted. One of the reasons for this phenomenon may be attributed to the fact that it is not easy to synthesize efficient and stable blue molecular emitters, particularly for deep-blue ones. In contrast, by selecting appropriate donor and acceptor materials, high-performance blue exciplexes are promising to be the elegant emitters to organize WOLEDs. As a result, by incorporating blue exciplex with complementary or green/red phosphorescent emitters, high-performance WOLEDs can be established. For such WOLEDs, since blue light is originated from the blue fluorescence or TADF, they are also called hybrid WOLEDs [166] . Simply, this kind of hybrid WOLEDs can be classified into two types according to the use of blue exciplexes: hybrid WOLEDs with blue TADF exciplexes and hybrid WOLEDs with blue fluorescent exciplexes. In general, it is easy to understand that hybrid WOLEDs with blue TADF exciplexes can obtain high efficiencies, since the blue TADF exciplexes can harvest the triplets. However, by employing effective device engineering, hybrid WOLEDs with blue fluorescent exciplexes can also exhibit high performance, since the triplets of blue exciplexes which cannot be harnessed by the exciplexes can be harvested by the adjacent phosphorescent emitters (e.g., from the energy transfer and triplets diffusion mechanism) [167] [168] [169] . To fulfill these two types of hybrid WOLEDs, blue exciplexes are required to possess higher T 1 compared with phosphorescent emitters, otherwise the triplets of phosphors would be quenched by the exciplex, leading to the poor performance. Particularly, it is deserved to note that the blue exciplexes are simultaneously functioned as the hosts in single-EML hybrid WOLEDs. In this case, the concentration of phosphorescent guest emitters is usually very low, which ensure the incomplete energy transfer from the blue exciplex host to the phosphorescent guests, otherwise only the guest emission can be produced.
In 2015, Zhang et al. explored a series of efficient WOLEDs, in which blue exciplexes have been combined with orange phosphorescent emitters, orange/red fluorescent emitters or orange TADF emitters [170] . By virtue of the blue TADF exciplex mCBP (donor): PO-T2T (acceptor), the energies have been transferred from the exciplex to orange fluorophor and phosphor dopants. For the double-EML hybrid WOLEDs combining blue exciplex and phosphorescent emitters, Figure 4 depicts the device structure: ITO/MoO 3 (3 nm)/9,9 -biphenyl-3,3 -diylbis-9H-carbazole (mCBP, 20 nm)/mCBP: PO-T2T (20 nm)/mCBP: PO-T2T: 4.0 wt.% bis(2-phenyl-1,3-benzothiozolato-N,C2 ) iridium (acetylacetonate) Ir(bt) 2 (acac) (2 nm)/PO-T2T (40 nm)/LiF/Al. Since triplets of the exciplex were up-converted to S 1 in a relatively long time, only part of triplets was converted as delayed fluorescence. Thus, the RISC efficiency has been less than unity. For extra triplets of the exciplex, they have been converted to heat and would harm the device via non-radiative decay. When a small concentration of orange phosphor has been doped or an adjacent orange phosphor doped layer has been presented, the extra triplets of the exciplex would incompletely transfer the energy to phosphors and finally contribute to the white light. Hence, the additional 2 nm orange EML renders an excellent warm WOLED with EQE of 22.21% and PE of 52.28 lm W −1 . To simplify the structure, a single-EML hybrid WOLED was also developed by doping a low concentration 0.5 wt.% of Ir(bt) 2 (acac) of in the full EML. The structure is ITO/MoO 3 (3 nm)/mCBP (20 nm)/mCBP: PO-T2T: 0.5 wt.% Ir(bt) 2 [109] . By doping an orange phosphor into this exciplex host, a single-EML hybrid WOLED exhibited a maximum EQE and PE of 15.7 ± 0.3% and 29.6 ± 0.2 lm W −1 , respectively. Then, their group realized single-EML hybrid WOLEDs with blue TADF exciplexes by using a low phosphor guest concentration to ensure the incomplete energy transfer, in which the blue emission was resulted from the TADF exciplex host 4,4′-bis(9-carbazolyl)-2,2′-dimethylbiphenyl (CDBP): PO-T2T [171] . Due to the efficient exciplex and well management of excitons, the WOLED shows the maximum EQE and PE of 25.5% and 84.1 lm W −1 , respectively.
Furthermore, to improve performances of such kind of WOLEDs, Wu and coworkers also used the blue exciplex CDBP: PO-T2T to manage exciton allocation [172] . By doping iridium(III) bis(4-phenylthieno[3,2-c]pyridinato-N,C2′) acetylacetonate (PO-01) into the CDBP: PO-T2T host, their device having triple EMLs exhibited the peak EQE and PE as high as 28.3% and 102.9 lm W −1 , respectively. Even at 1000 cd m −2 , the efficiencies were very impressive (25.8% and 63.5 lm W −1 ), which are the highest among hybrid WOLEDs with blue exciplexes.
For hybrid WOLEDs with blue fluorescent exciplexes, Luo et al. reported this method by using 1,3,5-tri(m-pyrid-3-yl-phenyl)benzene (TmPyPB) as an acceptor while TAPC as a donor [173] . Aside from the exciplex, electroplex can also be produced from the TAPC/TmPyPB interface, rendering that the blue emission is very broad, which is beneficial to yield white light. By taking advantage of the doping-free technology, single-molecular-emitter based WOLEDs (WOLED-I) showed an EQE as high as 16 [109] . By doping an orange phosphor into this exciplex host, a single-EML hybrid WOLED exhibited a maximum EQE and PE of 15.7 ± 0.3% and 29.6 ± 0.2 lm W −1 , respectively. Then, their group realized single-EML hybrid WOLEDs with blue TADF exciplexes by using a low phosphor guest concentration to ensure the incomplete energy transfer, in which the blue emission was resulted from the TADF exciplex host 4,4 -bis(9-carbazolyl)-2,2 -dimethylbiphenyl (CDBP): PO-T2T [171] . Due to the efficient exciplex and well management of excitons, the WOLED shows the maximum EQE and PE of 25.5% and 84.1 lm W −1 , respectively.
Furthermore, to improve performances of such kind of WOLEDs, Wu and coworkers also used the blue exciplex CDBP: PO-T2T to manage exciton allocation [172] . By doping iridium(III) bis(4-phenylthieno[3,2-c]pyridinato-N,C2 ) acetylacetonate (PO-01) into the CDBP: PO-T2T host, their device having triple EMLs exhibited the peak EQE and PE as high as 28.3% and 102.9 lm W −1 , respectively. Even at 1000 cd m −2 , the efficiencies were very impressive (25.8% and 63.5 lm W −1 ), which are the highest among hybrid WOLEDs with blue exciplexes.
For hybrid WOLEDs with blue fluorescent exciplexes, Luo et al. reported this method by using 1,3,5-tri(m-pyrid-3-yl-phenyl)benzene (TmPyPB) as an acceptor while TAPC as a donor [173] . Aside from the exciplex, electroplex can also be produced from the TAPC/TmPyPB interface, rendering that the blue emission is very broad, which is beneficial to yield white light. By taking advantage of the doping-free technology, single-molecular-emitter based WOLEDs (WOLED-I) showed an EQE as high as 16 3 ] and the 0.3 nm Ir(dmppy) 2 (dpp) have been placed both sides of the TAPC/TmPyPB system in WOLED-II. Besides, it is deserved to point out that the thin EMLs are conducive to avoid the concentration quenching, ensuring the high performance. Further working mechanism for WOLED-I and WOLED-II can be seen in Figure 5 . In both WOLED-I and WOLED-II, the blue light has been generated by the TAPC/TmPyPB system. For the complementary light in WOLED-I, it could be originated from the TAPC/TmPyPB system. Besides, triplet excitons of the TAPC/TmPyPB system, the donor TAPC and the acceptor TmPyPB could be harvested by Ir(dmppy) 2 (dpp) by dint of diffusion mechanism. Furthermore, the direct exciton formation on Ir(dmppy) 2 (dpp) via the tunneling effect also contributed to the yellow emission. For WOLED-II, the working mechanism of yellow light was similar to that of WOLED-I. However, due to the fact that a part of excitons have been harnessed by the red phosphor, excitons managed by yellow as well as blue has been relatively reduced in WOLED-II. In addition, singlet and triplet excitons could be more readily harnessed via the red phosphor compared with the yellow phosphor, since the red phosphor has been set in a place that it is more closed to the exciton generation zone. phosphorescent EML tris(1-phenylisoquinolinolato-C2,N) iridium(III) [Ir(piq)3] and the 0.3 nm Ir(dmppy)2(dpp) have been placed both sides of the TAPC/TmPyPB system in WOLED-II. Besides, it is deserved to point out that the thin EMLs are conducive to avoid the concentration quenching, ensuring the high performance. Further working mechanism for WOLED-I and WOLED-II can be seen in Figure 5 . In both WOLED-I and WOLED-II, the blue light has been generated by the TAPC/TmPyPB system. For the complementary light in WOLED-I, it could be originated from the TAPC/TmPyPB system. Besides, triplet excitons of the TAPC/TmPyPB system, the donor TAPC and the acceptor TmPyPB could be harvested by Ir(dmppy)2(dpp) by dint of diffusion mechanism. Furthermore, the direct exciton formation on Ir(dmppy)2(dpp) via the tunneling effect also contributed to the yellow emission. For WOLED-II, the working mechanism of yellow light was similar to that of WOLED-I. However, due to the fact that a part of excitons have been harnessed by the red phosphor, excitons managed by yellow as well as blue has been relatively reduced in WOLED-II. In addition, singlet and triplet excitons could be more readily harnessed via the red phosphor compared with the yellow phosphor, since the red phosphor has been set in a place that it is more closed to the exciton generation zone. 
WOLEDs Using Exciplex and TADF Emitters
Similar to phosphorescent emitter, the TADF emitter could harness both singlets and triplets. Therefore, by combining TADF emitter and exciplex, it can be another scheme to develop highperformance WOLEDs. [174] . Besides, Luo et al. reported an extremely simple but high-performance WOLEDs [175] . For their device, the high-quality white light could be achieved via only single molecular emitter. More specifically, the doping-free p-i-n 
Similar to phosphorescent emitter, the TADF emitter could harness both singlets and triplets. Therefore, by combining TADF emitter and exciplex, it can be another scheme to develop high-performance WOLEDs.
Grybauskaite-Kaminskiene et al. combined TADF emitter 4,4 -(9H,9 H-[3,3 -bicarbazole]-9,9 -diyl)bis(3-(trifluoromethyl)benzonitrile) (pCNBCzoCF 3 ) showing blue emission with the orange exciplex emission from pCNBCzoCF 3 /4,4 ,4"-tris[phenyl(m-tolyl)amino] triphenylamine (m-MTDATA) interface, fabricating highly efficient "warm-white" OLEDs with a maximum EQE of 18.8% and 19.3 lm W −1 , respectively [174] . Besides, Luo et al. reported an extremely simple but high-performance WOLEDs [175] . For their device, the high-quality white light could be achieved via only single molecular emitter. More specifically, the doping-free p-i-n WOLED has been formed by sandwiching the intrinsic TADF material between p-type transporting layer and n-type transporting layer, achieving high-quality white light with the CRI as high as 91. Besides, a peak total PE and EQE as high as 68.5 lm W −1 and 28.4% could be obtained. As shown in Figure 6 , 40 nm TAPC and 55 nm TmPyPB have been selected to be p-type transporting layer and n-type transporting layer for the p-i-n WOLED, respectively. Besides, 2 nm 9,9 ,9",9 -((6-phenyl-1,3,5-triazine-2,4-diyl)bis(benzene-5,3,1-triyl))tetrakis(9H-carbazole) (DDCzTrz) has been used to be TADF EML. As a result, the three-layer structure of TAPC/DDCzTrz/TmPyPB has been formed. Besides, ITO/MoO 3 and LiF/Al have been used to be anode and cathode, respectively, ensuring that holes and electrons could be effectively injected. The emission mechanism for white light was to simultaneously produce the blue TADF light which was originated from the TADF emitter DDCzTrz and the exciplex emission which was generated from the p-type layer TAPC (donor) and DDCzTrz (acceptor). Besides, both S 1 and T 1 of the exciplex are lower than those of TAPC and DDCzTrz (e.g., the T 1 of TAPC and DDCzTrz are 2.87 and 2.53 eV, respectively), suggesting that excitons on the exciplex would not be quenched by the donor and acceptor, ensuring the efficient orange light otherwise the exciton leakage would deteriorate the performance. WOLED has been formed by sandwiching the intrinsic TADF material between p-type transporting layer and n-type transporting layer, achieving high-quality white light with the CRI as high as 91.
Besides, a peak total PE and EQE as high as 68.5 lm W− 1 and 28.4% could be obtained. As shown in Figure 6 , 40 nm TAPC and 55 nm TmPyPB have been selected to be p-type transporting layer and ntype transporting layer for the p-i-n WOLED, respectively. Besides, 2 nm 9,9′,9″,9′′′-((6-phenyl-1,3,5-triazine-2,4-diyl)bis(benzene-5,3,1-triyl))tetrakis(9H-carbazole) (DDCzTrz) has been used to be TADF EML. As a result, the three-layer structure of TAPC/DDCzTrz/TmPyPB has been formed. Besides, ITO/MoO3 and LiF/Al have been used to be anode and cathode, respectively, ensuring that holes and electrons could be effectively injected. The emission mechanism for white light was to simultaneously produce the blue TADF light which was originated from the TADF emitter DDCzTrz and the exciplex emission which was generated from the p-type layer TAPC (donor) and DDCzTrz (acceptor). Besides, both S1 and T1 of the exciplex are lower than those of TAPC and DDCzTrz (e.g., the T1 of TAPC and DDCzTrz are 2.87 and 2.53 eV, respectively), suggesting that excitons on the exciplex would not be quenched by the donor and acceptor, ensuring the efficient orange light otherwise the exciton leakage would deteriorate the performance. 
WOLEDs Exploiting Exciplex and Fluorescent Emitters
To achieve high-efficiency WOLEDs exploiting exciplex and fluorescent emitters, it is required that the exciplex emitter can well take advantage of the TADF mechanism to harvest the triplets via the RISC procedure, since the fluorescent emitters cannot make use of the triplets. In such way, single-EML structures are more easily to manipulate the excitons distribution. Similar to single-EML hybrid WOLEDs with blue exciplex hosts, the exciplexes are simultaneously functioned as the blue 
To achieve high-efficiency WOLEDs exploiting exciplex and fluorescent emitters, it is required that the exciplex emitter can well take advantage of the TADF mechanism to harvest the triplets via the RISC procedure, since the fluorescent emitters cannot make use of the triplets. In such way, single-EML structures are more easily to manipulate the excitons distribution. Similar to single-EML hybrid WOLEDs with blue exciplex hosts, the exciplexes are simultaneously functioned as the blue emitter and the host of fluorescent guest emitter in single-EML WOLEDs exploiting exciplex and fluorescent emitters. Thus, the concentration of fluorescent guest emitters is also low to ensure the incomplete energy transfer from the blue exciplex host to the fluorescent guests via the Förster energy transfer [176] .
In Wu's work, they also realize the WOLED by exploiting exciplex and fluorescent emitters [172] . They have developed a single-EML fluorescent WOLED by doping a low concentration of 0.3% 2,8-di-tert-butyl-5,11-bis(4-tert-butylphenyl)-6,12-diphenyltetracene (TBRb) complementary guest in the blue exciplex CDBP: PO-T2T host, achieving the maximum EQE and PE as high as 20.8% and 75.4 lm W −1 , respectively. For the emission mechanism, the incomplete energy transfer ensured that the blue light could be generated by the exciplex host while the complementary light by TBRb, where the energy transfer is Förster type rather than Dexter type due to the low concentration of TBRb, as displayed in Figure 7 . In addition, exciplex host has the low HOMO of donor and high LUMO of acceptor, which reduce the guest trapping effect, yielding the nearly unity of exciton utilization ratio. incomplete energy transfer from the blue exciplex host to the fluorescent guests via the Förster energy transfer [176] . In Wu's work, they also realize the WOLED by exploiting exciplex and fluorescent emitters [172] . They have developed a single-EML fluorescent WOLED by doping a low concentration of 0.3% 2,8-di-tert-butyl-5,11-bis(4-tert-butylphenyl)-6,12-diphenyltetracene (TBRb) complementary guest in the blue exciplex CDBP: PO-T2T host, achieving the maximum EQE and PE as high as 20.8% and 75.4 lm W −1 , respectively. For the emission mechanism, the incomplete energy transfer ensured that the blue light could be generated by the exciplex host while the complementary light by TBRb, where the energy transfer is Förster type rather than Dexter type due to the low concentration of TBRb, as displayed in Figure 7 . In addition, exciplex host has the low HOMO of donor and high LUMO of acceptor, which reduce the guest trapping effect, yielding the nearly unity of exciton utilization ratio. 
WOLEDs Based on Exciplex Hosts
The Understanding of WOLEDs Based on Exciplex Hosts
In general, the ΔEST of exciplexes is lower compared with the intramolecular excited state, because distance between HOMO and LUMO in exciplexes is larger [177] . Hence, exciplexes can obtain the unity IQE by virtue of the RISC procedure due to the small ΔEST. To take advantage of exciplex, another strategy is using exciplex as the host of emitters. To accomplish such strategy, the guest emitters can be phosphorescent, TADF or fluorescent materials. Particularly, since fluorescent emitters are unable to harvest triplets, TADF exciplex hosts are necessary to guarantee the high efficiency of WOLEDs comprising exciplex as the host of fluorescent emitters. For this way, single-EML structures are usually utilized, since it is easy to lower the number of fluorescent molecules in single-EML WOLEDs. Generally, by using guests with low concentrations, the exciplex hosts also functioned as the blue emitters via the incomplete energy transfer, as introduced in the Section 3.2.4. 
WOLEDs Based on Exciplex Hosts
The Understanding of WOLEDs Based on Exciplex Hosts
In general, the ∆ EST of exciplexes is lower compared with the intramolecular excited state, because distance between HOMO and LUMO in exciplexes is larger [177] . Hence, exciplexes can obtain the unity IQE by virtue of the RISC procedure due to the small ∆ EST . To take advantage of exciplex, another strategy is using exciplex as the host of emitters. To accomplish such strategy, the guest emitters can be phosphorescent, TADF or fluorescent materials. Particularly, since fluorescent emitters are unable to harvest triplets, TADF exciplex hosts are necessary to guarantee the high efficiency of WOLEDs comprising exciplex as the host of fluorescent emitters. For this way, single-EML structures are usually utilized, since it is easy to lower the number of fluorescent molecules in single-EML WOLEDs. Generally, by using guests with low concentrations, the exciplex hosts also functioned as the blue emitters via the incomplete energy transfer, as introduced in the Section 3.2.4.
Besides, since holes and electrons are transported from the HOMO of donors and the LUMO of acceptors, respectively, low voltages can be obtained. Furthermore, by choosing suitable donors and acceptors, energy levels of the exciplex can be easily adjusted to meet guests owing to the approximately equal S 1 and T 1 of exciplex. Therefore, by using exciplex as the host, it can be effective to realize high-performance devices. By combining high-T 1 donor and acceptor, the exciplex is possible to possess high T 1 . If the blue phosphorescent or TADF guests show a lower T 1 than exciplexes, the exciplexes could be used as hosts to achieve high-performance WOLEDs. Generally, it is promising for the TADF exciplex to satisfy the demand of high T 1 [112] . Hence, when TADF exciplex hosts have been adopted, (i) the issue of carrier injection barrier can be eliminated, (ii) the RISC process can be efficient, (iii) the exciton leakage can be prevented by reducing the guest-host T 1 back energy transfer. As a consequence, by using TADF exciplex hosts in WOLEDs, it is possible to simultaneously realize high efficiencies, reduced voltages and efficient exciton confining. For this approach, it is required that T 1 of the exciplex should be lower compared with the donor as well as acceptor, which is helpful to avert the triplet exciton quenching.
By using exciplexes as the host of phosphorescent emitters and TADF emitters, the concentration of the dopants is relatively high, which is beneficial for dopants to harvest the excitons on the exciplex host since the distance between host and dopants is decreased. Besides, if high concentration were used, excitons can be directly formed on the dopants, which also can be fully harvested by phosphorescent or TADF emitters. Hence, high efficiency can be guaranteed. However, by exploiting TADF exciplexes as the host of phosphorescent or TADF emitters, there is no need to use dopants with high concentrations. This is because the triplets on the host can be up-converted to singlets via the RISC process, and then the energy can be transferred to guests via the long-distance Förster procedure, leading to the high efficiency.
WOLEDs Employing Exciplex as the Host of Phosphorescent Emitters
Since the T 1 of blue phosphorescent emitters is usually very high (e.g., 2.62 eV for iridium(III) bis[(4,6-difluorophenyl)-pyridinato-N,C2 ]-picolinate (FIrpic)) [178] [179] [180] , the exciplex host should possess high T 1 to confine the excitons. Hence, for WOLEDs employing exciplex as the host of phosphorescent emitters, how to select a high-T 1 exciplex is critical. Wang et al. realize this kind of WOLED by adopting the exciplex showing the high T 1 (2.97 eV) formed by mCP: bis-4,6-(3,5-di-3-pyridyl-phenyl)-2-methylpyrimidine (B3PYMPM) as the host for FIrpic, and inserting an ultrathin nondoped PO-01 as the orange EML [181] . As a result, the WOLED exhibits maximum forward-viewing efficiencies of 20.0% and 75.3 lm W −1 . Even at 1000 cd m −2 , the efficiencies could be as high as 19.5% and 63.1 lm W −1 . As displayed in Figure 8 ) and higher T 1 (2.98 eV) compared with mCP, it is key to the performance of the WOLED. The factors of the high performance could be summarized: (i) a good exciton confining EML structure has been formed via the large band gap hole transport and electron transport materials with high T 1 , (ii) the exciplex host could harness all excitons and transfer energy from both S 1 and T 1 to the dopants, (iii) the hole transport along HOMO of mCP and the electron transport along LUMO of B3PYMPM lower the electrical excitation energy, (iv) ultrathin PO-01 had a negligible effect on carrier transport, reducing the voltages, (v) p-doping HTL and n-doping ETL could further ensure the low voltage and high efficiency. For the emission mechanism, the FIrpic emission and PO-01 emission have been mainly resulted from energy transfer procedures. Specifically, holes and electrons have been first formed singlets as well as triplets on the exciplex host, then the energy of generated excitons has been transferred to FIrpic molecules, resulting in blue light. In addition, the energy of generated excitons on the exciplex host and FIrpic molecules could be transferred to PO-01 molecules, leading to orange light. [112] . For their exciplex host, mCP and 4,6-bis[3,5-(dipyrid-4-yl)phenyl]-2-methylpyrimidine (B4PyMPM) have been used as the donor and acceptor, respectively. Hence, by doping 15 wt.% FIrpic blue phosphor and low concentration of yellow phosphor PO-01 (0.2 wt.%) into this exciplex system, highly efficient WOLEDs have been obtained. Particularly, their TADF exciplex host is significant, since (i) the heterogeneity is reduced via energy-matching HTL/ETL; (ii) the voltage is lowered due to the excellent charge mobilities (e.g., 5 × 10 −4 and 1 × 10 −4 cm 2 V −1 s −1 for mCP and B4PyMPM, respectively); (iii) high-T1 donor/acceptor eliminate exciton leakage. As a consequence, total singlets and triplets have been only harvested by FIrpic or PO-01 by virtue of the Dexter or Förster energy transfer, leading to 100% exciton use.
WOLEDs Adopting Exciplex as the Host of TADF Emitters
For WOLEDs adopting exciplex as the host of TADF emitters, it is favorable to develop TADF exciplex hosts by carefully selecting donor and acceptor materials. Thus, by virtue of Förster energy transfer, guest TADF emitters can effectively harvest the singlets of the exciplex hosts. In addition, the T1 of the exciplex is needed to be lower than that of each exciplex host, which is conducive to avert the triplets being quenched by the exciplex. On the other hand, the TADF emitter is required to show a lower T1 compared with the exciplex. If the above requirements can be satisfied, it is promising to construct low cost, high efficiency, stable color WOLEDs.
Recently, Zhang et al. built such WOLED by adopting CDBP: PO-T2T as the TADF exciplex host of blue and red TADF emitters, achieving the peak EQE and PE as high as 19.2% and 46.2 lm W −1 , respectively [182] . For their EML architecture, a low concentration of 1 wt.% red TADF material 2,6-bis[4-(diphencylamino)phenyl]-9,10-anthracenedione) (AnbTPA) has been doped into the CDBP: PO-T2T TADF exciplex host as a red EML, while a concentration of 10 wt.% blue TADF material 1,2-bis(carbazol-9-yl)-4,5-dicyanobenzene (2CzPN) has been doped into the CDBP: PO-T2T TADF exciplex host as a blue EML. Particularly, an interlayer formed by the CDBP: PO-T2T TADF exciplex host has been inserted between the red and blue EMLs, as displayed in Figure 9 . The reasons for their [112] .
For their exciplex host, mCP and 4,6-bis[3,5-(dipyrid-4-yl)phenyl]-2-methylpyrimidine (B4PyMPM) have been used as the donor and acceptor, respectively. Hence, by doping 15 wt.% FIrpic blue phosphor and low concentration of yellow phosphor PO-01 (0.2 wt.%) into this exciplex system, highly efficient WOLEDs have been obtained. Particularly, their TADF exciplex host is significant, since (i) the heterogeneity is reduced via energy-matching HTL/ETL; (ii) the voltage is lowered due to the excellent charge mobilities (e.g., 5 × 10 −4 and 1 × 10 −4 cm 2 V −1 s −1 for mCP and B4PyMPM, respectively); (iii) high-T 1 donor/acceptor eliminate exciton leakage. As a consequence, total singlets and triplets have been only harvested by FIrpic or PO-01 by virtue of the Dexter or Förster energy transfer, leading to 100% exciton use.
For WOLEDs adopting exciplex as the host of TADF emitters, it is favorable to develop TADF exciplex hosts by carefully selecting donor and acceptor materials. Thus, by virtue of Förster energy transfer, guest TADF emitters can effectively harvest the singlets of the exciplex hosts. In addition, the T 1 of the exciplex is needed to be lower than that of each exciplex host, which is conducive to avert the triplets being quenched by the exciplex. On the other hand, the TADF emitter is required to show a lower T 1 compared with the exciplex. If the above requirements can be satisfied, it is promising to construct low cost, high efficiency, stable color WOLEDs.
Recently, Zhang et al. built such WOLED by adopting CDBP: PO-T2T as the TADF exciplex host of blue and red TADF emitters, achieving the peak EQE and PE as high as 19.2% and 46.2 lm W −1 , respectively [182] . For their EML architecture, a low concentration of 1 wt.% red TADF material 2,6-bis[4-(diphencylamino)phenyl]-9,10-anthracenedione) (AnbTPA) has been doped into the CDBP: PO-T2T TADF exciplex host as a red EML, while a concentration of 10 wt.% blue TADF material 1,2-bis(carbazol-9-yl)-4,5-dicyanobenzene (2CzPN) has been doped into the CDBP: PO-T2T TADF exciplex host as a blue EML. Particularly, an interlayer formed by the CDBP: PO-T2T TADF exciplex host has been inserted between the red and blue EMLs, as displayed in Figure 9 . The reasons for their high performance are summarized below. First, by using CDBP: PO-T2T as the exciplex host, the RISC was efficient, which could enhance the efficiency of such kind of WOLEDs. Besides, this exciplex possessed the appropriate HOMO and LUMO, which could help to effectively form "barrier-free" characteristic and reduce trapping effect of guests. Additionally, by changing the ratio of CDBP or PO-T2T, it could regulate and balance the charge injection and transport. Furthermore, the additional introduction of interlayer could well confine excitons, which is beneficial to stabilizing the colors. Due to~3 nm Förster radius, Förster energy transfer between the red and blue EMLs could be prevented by the introduced 6 nm CDBP: PO-T2T interlayer. Hence, their WOLED could balance charge transporting as well as render singlets/triplets being formed on the full EML region. As a consequence, the exciton distribution for red EML and blue EML kept the same at various luminances, leading to a stable color. exciplex possessed the appropriate HOMO and LUMO, which could help to effectively form "barrierfree" characteristic and reduce trapping effect of guests. Additionally, by changing the ratio of CDBP or PO-T2T, it could regulate and balance the charge injection and transport. Furthermore, the additional introduction of interlayer could well confine excitons, which is beneficial to stabilizing the colors. Due to ~3 nm Förster radius, Förster energy transfer between the red and blue EMLs could be prevented by the introduced 6 nm CDBP: PO-T2T interlayer. Hence, their WOLED could balance charge transporting as well as render singlets/triplets being formed on the full EML region. As a consequence, the exciton distribution for red EML and blue EML kept the same at various luminances, leading to a stable color. 
Summary and Outlook
Since exciplexes can be (i) fluorescent or TADF emitters; (ii) the hosts of fluorescent, phosphorescent and TADF dopants, these excellent characteristics have rendered that exciplexes have been actively investigated in the WOLED. Currently, the efficiency for the exciplex-based WOLED can be comparable to that of other kinds of best WOLED. In this review, we have mainly focused on recent advances for the WOLED using exciplex emitters or hosts. Particularly, we have emphasized representative WOLEDs with all exciplex emitters, WOLEDs combining exciplex and phosphorescent emitters, WOLEDs using exciplex and TADF emitters, WOLEDs exploiting exciplex and fluorescent emitters, WOLEDs employing exciplex as the host of phosphorescent emitters and WOLEDs adopting exciplex as the host of TADF emitters. The detailed performances for exciplexbased WOLEDs have been described in Table 1 . 
Since exciplexes can be (i) fluorescent or TADF emitters; (ii) the hosts of fluorescent, phosphorescent and TADF dopants, these excellent characteristics have rendered that exciplexes have been actively investigated in the WOLED. Currently, the efficiency for the exciplex-based WOLED can be comparable to that of other kinds of best WOLED. In this review, we have mainly focused on recent advances for the WOLED using exciplex emitters or hosts. Particularly, we have emphasized representative WOLEDs with all exciplex emitters, WOLEDs combining exciplex and phosphorescent emitters, WOLEDs using exciplex and TADF emitters, WOLEDs exploiting exciplex and fluorescent emitters, WOLEDs employing exciplex as the host of phosphorescent emitters and WOLEDs adopting exciplex as the host of TADF emitters. The detailed performances for exciplex-based WOLEDs have been described in Table 1 . Over recent years, the performance of exciplex-based WOLEDs has been step-by-step enhanced. In particular, their performance has been boosted after the recognition of exciplexes possessing TADF property. To date, there are still many challenges hindering the development of commercial productions, including the efficiency, efficiency roll-off, operational stability as well as color stability. For the issue of efficiency, since the theoretical efficiency limit of WOLEDs is 248 lm W −1 , there is still much room for exciplex-based WOLEDs [183] . In OLEDs, the EQE is determined by outcoupling factor, carrier balance, fraction of excitons potentially decayed radiatively, as well as PLQY of materials. On the other side, the driving voltage can greatly affect PE. Hence, careful introduction for the donors and acceptors plays a significant role in exciplex-based WOLEDs. When the exciplex is used as the emitter, high PLQY of the exciplex is essential to the high performance, apart from the high RISC efficiency. Besides, regardless of WOLEDs based exciplex emitters or hosts, the elaborative management of the carrier and exciton distribution [184] [185] [186] [187] [188] as well as adoption of outcoupling technology [189] [190] [191] [192] can improve efficiencies. Additionally, efficiency roll-off is somewhat serious, particularly for the WOLEDs using the TADF exciplex emitters. To overcome this issue, the charge balance, charge transport barriers and materials selection are required to be regulated, which are also beneficial to the color-stability [193] [194] [195] [196] [197] [198] [199] [200] . Another possibility to affect fluorescence and phosphorescence of organic compounds is photonic structures, i.e., the photonic band gap (PhBG), which can manipulate the efficiency of OLEDs since PhBG is crucial for molding the propagation of light [201] . The periodic changes of refractive index within the colloidal crystal, i.e., crystal/voids, can cause a forbidden region of frequencies for photons, where the region is PhBG. Fluorescence can be influenced by the PhBG since fluorescence is the emission of an electromagnetic wave [202] . Particularly, in the Förster energy transfer process, PhBG can suppress the donor emission, which enhances the energy transfer, and in turn increases the acceptor emission. For example, the PhBG enhanced the Förster energy transfer efficiency from 37% to 61% [203] . On the other hand, phosphorescence emission can be obtained for forced intersystem crossing by engineering a PhBG (e.g., the phosphorescence was generated from bis(2-methyl-8-quinolinato)-4-phenylphenolate aluminum (BAlq)) [204] .
In terms of the lifetime, it is a key factor to determine whether LEDs can meet the demand of the commercialization [205] [206] [207] [208] . However, it is deserved to point out that exciplex-based WOLEDs have not yet achieved long lifetime. Hence, exciplex-based WOLEDs lag far behind other WOLEDs. For instance, the lifetime of hybrid WOLEDs can exceed >30,000 h at 1000 cd m −2 [209] . Particularly, as "warm-white" OLEDs have recently demonstrated with high efficiency and stability [210] [211] [212] , it may be helpful to develop exciplex-based WOLEDs based on this technology, enhancing their potential in the optoelectronic applications [213] [214] [215] . Therefore, more stable donor and acceptor materials should be urgently explored. Besides, much endeavors are needed to explore the stability
